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SHEAR LAG STUDY OF THREE INTEGRALLY STIFFENED PANELS

By William K. Rey™

SUMMARY

R3FQA3

An experimental study was conducted to determine the effect upon the
stress distribution in integrally stiffened panels of varying the ratio of
the stiffener area to the sheet area. Three aluminum alloy panels with rec-
tangular integral stiffeners were instrumented with foil strain gages to de-
termine the strain distribution in the stiffeners and the webs under axial
compressive loads. The ratio of the stiffener area to the sheet area was
approximately one-half, one and two in the three panels tested. Each of the

panels was tested under four different loading conditions.

The experimental results were compared with a theoretical analysis. Rel-
atively good agreement was obtained between the experimental results and the

theoretical analysis except for the section adjacent to the end at which the

load was appliedl,{:kxji]@t?ﬁ/

INTRODUCTION

Integrally stiffened panels are being utilized in many structures such
as the thrust structure of the Saturn C-5 launch vehicle since this type of
construction provides the necessary strength with a minimum of weight for
certain types of loads. When a concentrated load is applied to one of the
stiffeners, the manner in which the load is distributed through the panel is
influenced by shearing deformations in the thin webs that connect the stiff-
eners. This influence is commonly referred to as shear lag. The precise
stress distribution throughout a stiffened panel must be known to permit the

application of minimum weight design principles.

In a previous study (ref. 1), a survey of the literature indicated a

number of theoretical analyses were available for predicting the stress dis-

*Professor of Aerospace Engineering, University of Alabama, University,
Ala. (Project Director for NASA Contract NAS 8-11155).




tribution in stiffened panels but no experimental data were available for
evaluating the different analyses when applied to integrally stiffened panels.
Data that are available for panels with stiffeners attached by welding or riv-
eting are of doubtful value when integrally stiffened panels are considered.
Furthermore, the data that are available for panels with attached stiffeners
were obtained by testing panels in which the total stiffener area was greater
than the sheet area whereas some of the integrally stiffened panels of inter-
est have a total stiffener area less than the sheet area.

The test results in this report were obtained in the first phase of an
experimental program designed to provide stress distributibn data for inte-
grally stiffened panels of various configurations. This phase of the exper-
imental study was undertaken to determine the effect on the stress distribu-
tion of varying the ratio of the stiffener area to the sheet area in inte-
grally stiffened flat panels with constant cross-section stiffeners of the
same size. Additional tests are planned to investigate the effects of vary-
ing the number of stiffeners, using stiffeners of different sizes on the

same panel and varying the stiffener area over the panel length.

In order to provide some measure of the effectiveness of the test pro-
gram, a matrix analysis of each panel based upon the Maxwell-Mohr method of
analyzing statically indeterminate structures was accomplished. When addi-
tional data become available from later phases of the test program, all of

the experimental data will be compared with other theoretical analyses.
EXPERTMENTAL INVESTIGATION

Specimens

Three integrally stiffened panels were prepared from a one inch thick
7075-T651 aluminum alloy plate. As indicated in Figure 1, each panel con-
sisted of seven uniformly spaced rectangular stiffeners of constant cross-
Section. Each panel was twenty-four inches long in the direction of load-
ing by approximately seventeen and five-eighths inches wide. The cross-
sections of the panels, identified as Panels B, C, and D, are shown in Fig-

ures 2, 3, and L, respectively.



Bonded resistance type foil strain gages with a gage length of one-eighth
of an inch were applied to each panel with a contact cement. As shown in Fig-
ure 5, ninety-four uniaxial gages and twenty-four rectangular rosette gages
were used on Panels B and C to provide a total of one hundred and sixty-six
strain gage channels. On Panel D, as shown in Figure 6, one hundred and ten
uniaxial gages and twenty-four rectangular rosette gages were used to supply

one hundred and eighty-two strain gage channels.

Machining of the three panels was accomplished in a shaper as shown in
Figure 7. Because of the limitations imposed by this machining operation,
it was impossible to maintain tolerances as close as desired. The actual
cross-sectional dimensions shown in Figures 2, 3, and l indicate the varia-
tions in web thickness and stiffener cross-sections. The dimensions were
very nearly constant over the twenty-four inch length. The aluminum alloy
used is stress-relieved by stretching after solution heat-treatment. How-
ever, machining evidentally relieves additional stresses which results in

some warpage of the panels.

Equipment

Loading of the panels was accomplished by a hydraulic 60,000 pound uni-
versal testing machine equipped with a load maintainer. Considerable effort
was expended in attempts to insure that loads were applied in the desired
manner. As shown in Figure 8, loads were applied so as to minimize the in-
troduction of any bending moment into the panels. Each of the panels was
tested under four different loading conditions which are identified in Fig-
ure 9 as loading conditions I, II, III, IV.

Each of the strain gage channels on the panels served as one of the arms
in a Wheatstone bridge circuit. In order to provide temperature compensation,
three foil gages mounted in small aluminum blocks (dummy gage blocks) served
as the other three arms of the Wheatstone bridge. Each strain gage channel
was equipped with an individual dummy gage block in order to permit switching
outside of the bridge and minimize the effect of changes in contact resis-
tance. The dummy gage blocks were mounted in a frame adjacent to the test-

ing machine as shown in Figure 10.



Current was applied to the Wheatstone bridges by a size 8D, 12-volt,
lead~acid storage battery. A variable resistor in series with each of the
bridge circuits permitted the voltage impressed on each bridge to be reduced
to approximately ten volts and provided the means for calibrating each bridge.
The output of the bridge circuits was routed through a two hundred channel
cross-bar type switching unit to an amplifier. The output of the amplifier
was in turn supplied to a four digit digital voltmeter and a digital printer.
An overall view of the testing machine and associated instrumentation is
shown in Figure 10. The control console is shown in Figure 11 with the dig-
ital voltmeter at top, channel selector and indicator below the voltmeter,
amplifier and amplifier power supply below the selector, digital printer
below the amplifier and the power supply for the printer at the bottom of

the console.

Figures 12 and 13 are photographs of the two sides of a panel positioned
in the testing machine.

Test Procedure

Prior to each test, current was applied to all the strain gage channels
for a period of approximately one hour during which the temperature of the
panel increased due to heating by the gage current. Temperature equilibrium

in the panel was achieved prior to testing.

After achieving temperature equilibrium, a pre-~load was applied to the
panel and all strain gage bridges were balanced and calibrated. Calibration
was accomplished by shunting a known resistor across one arm of the bridge
to simulate a pre-determined strain and adjusting the voltage applied to that
bridge so that the pre-determined strain was indicated by the digital volt-
meter. Periodically, during each test, the calibration was verified to com-

pensate for any decay in the battery voltage.

For the loading conditions identified at I, II, and IIT in Figure 9, a
preliminary test was conducted to determine if the same load was being ap-
plied to each of the loaded stiffeners and if the load was being symmetri-
cally supported by the base. .This was accomplished. by monitoring all the

strain :gagés on the loaded stiffeners and the strain gages on all: stiffeners
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at the section adjacent to the sppporting base. This preliminary test was
also used to detect bending introduced by misalignment of the panel or load-
ing fixtures. Adjustments were made on the basis of the preliminary tests
until satisfactory loading was achieved. Improvements in the supporting
base and loading fixtures were made during the test program to simplify the
load balancing procedure. Therefore, not all of the tests were conducted

with exactly the same loading and supporting fixtures.

For loading conditions I, II, and ITI, loads were applied in 1000 pound
increments up to a maximum load of 5000 pounds on Panels B and C and in 500
pound increments up to a maximum load of 2500 pounds on Panel D. For loading
condition IV, loads were applied in 500 pound increments up to a maximum load
of 2500 pounds on Panels B and C and in 250 pound increments up to a maximum
load of 1250 pounds on Panel D. At each increment of load the strain was re-

corded by the digital printer for each of the strain gage channels.

The data recorded by the digital printer was plotted as load versus net
strain for each of the strain gage channels. This preliminary plot of the
data was used to correct for any zero shift during testing and also to de-
tect inoperative gage channels or other apparent errors in the data. From
the corrected curves, the strain corresponding to a load of 1000 pounds was
determined for each channel. This corrected strain was used in a computer
program to determine the stress at each of the gage locations. For each
rosette location, the computer program determined the magnitude and direc-
tion of the principal'stresses, the magnitude and direction of the maximum
shearing stress, the normal stresses parallel and normal to the stiffeners
and the shearing stress parallel to the stiffeners. The computer program

is given in Appendix A in Fortran II.
MATRIX ANATYSIS

In order to provide a comparison between the experimental results and
one of the available theoretical analyses, an analysis based upon the Maxwell-
Mohr method was performed for each panel using matrix notation. This type of
analysis is the same as the analysis referred to as Method I in reference 1.

The generalized force system employed in the analysis is identified in Figure



1L in which the generalized forces q, through g,  represent the axial forces
in the stiffeners at the indicated locations and q,, through q,, Trepresent
the shear flow in the indicated web. The generalized force system 1s shown
in greater detail in Figure 15 for that portion of the panel between stiff-
eners 2 and 3 and between 2.7 and 5.7 inches from the loaded end. The forces
in the stiffeners, q, through Qag» are assumed to be positive when compressive
and the shear flows, q,, through Qgqs aTe assumed positive when the shear
flow acts upward on the left-hand edge of a web element as shown in figure
15. The generalized force system was selected to provide a direct compari-
son between the theoretical analysis and the experimental results by provid-
ing a generalized force at each of the strain gage locations in the stiff-
eners. The notation used in the matrix analysis corresponds to the notation

used in reference 2.

Matrix of Flexibility Coefficients

The matrix of flexibility coefficients, [aij] , is a 60 x 60 symmetrical
matrix, given by

a a a . . . a
1,1 ‘1,2 “1,3 1,60
a a a a
2,1 “2,2 “2,3 2,60
) .
a. .
1J
a a a a
60,1 “60,2 “60,3 80,60 |

Referring to Figure 1 and 1L for the necessary dimensions and denoting.the -
eguivalent:stiffener areas of stiffeners 1, 2, 3, and’l.as A ; A, A }°A
respectively]~the-12L non-zero flexibility coefficients are:

a = a = =
1,1 9, 3AE

a = a = a = a = 1
1,2 2,1 8,9 9,8 BAlE



10,10

a
10,11
11,11

12,12

11,12

19’20
a
20,20

a21,21

a20,21

28,28

19’19

a26,26
a22 22
3
a21,20
24,25

36,36

= a

3AE
5,6  %s,6 27,
3,8 24,3 T By,
8,7 BAiE

3AE

1’7,18= a18,17
L1+:L2
3AE

al4,14 a15’15

a =
12,13 13,12

16,156 16,17

26,27 27,26

) 2L2
7 3A1E
5 aa,4 = as,e =
BAZE
2L2
=a -
18,18 3A2E
813,14 © 214,15
L,
- al7,16 = 6A2E
L,
BASE
2L2
=a -
26,26 3AE
azz,za = aza,zz -
azs,zs - BAaE

14,15

a -
23,24

a

= a
16,14

24,23



1
= = - =
aze,ze aze,za ass,as ass,as 6A4E
+
a -2 _ L*L,
2e, 20 36,36 38K
2
L,
a = a = a = g =3 =
30,30 31,31 32,32 33,33 34,3¢ = 34 E
azs,ao B aao,ze N aso,al - asl,ao - aal,az a aaz,al - aaz,sa - asa,sz
aaa,a4 354,33 a54,55 355,54 BA;E
a -2 _ L,b,
37,37 44,44 Gt
_ a = g = a = g = a —_—
38,38 39,39 40,40 41,41 42,42 43,43 Gt,
a = 3 = R
46,45 62,62 Gt,
a = g = g = g = g = a = it
46,46 47,47 48,48 49,49 50,60 51,61 Gt,
L,b,
a = a B e—ee—
63,63 60,60 Gt
L
a 205
64,64 §6,65 66,66 67,57 68,68 69,59 Gt

The remaining 3L76 elements of Eij] are zero.

Unit External Load Matrix

The twenty-four generalized forces q,, through q,g2 9y, through q,, and
qyg through q,, Were selected as the redundants. The unit external load ma-

tfi:é, [girr;l = [ng;I » is a 60 x |, matrix obtained by replacing the external

loads by unit loads.

The elements of the first column of [g ] represent the values of the

generallzed forces in the determinate structure when P = 1 and P2 = P3 = P4

= 0. They are:



g =g =g =
10,1 11,1 12,1

The elements of the second column

a:n.d.P1 =P,=P, = 0, are:

g
1,2

g =
2’2

g -
11,2

g
37,2

g =
58,2

The elements of the third

and P1 = P2

g
10,3
g
19,3
g
20,3
g
37,3
4
38,3
45,3

g
46,3

The elements of the fourth column

0

g =
3’2

g
12,

1

Ly

g
39,

g
4,2

= :
2 Biz,2

2 g4o,2 -

=P, = 0, are:
0
€s,5 " 84,3 ~
gll,B g12,3
1
€21,3 = B22,3
2
L,
€zo.3 g4o,s
2
L,
g47,5 = g48,3

and P1 = P2 =P, = 0, are:

column of

=g
60,1

of [gin;] , obtained

g
10,2

g
80,2

g =
36,2

by setting P,=1

obtained by setting P, = 1

=
8o,

g
18,3

g
36,3

g
44,3

g
80,3

of l:gu;l , obtained

by setting P, =1



g
1,4

g =
2’4

g =8
3,4 4,4

=0

g =g =g
10,4 11,4 ©S12,4

g
28,4

g29,4
g57,4
g58,4
g45’4

g
48,4

g
63,4

g
64,4

1

g30,4= g51,4
1

——

L,

g =8
39,4 40,4

1

L

=
g47’4 g48,4

1

Ll

g = g
66,4 ©66,4

. . = gg,4 = 1

. . . = g27,4 = 0

. . . = gas,4 = 0
. . . = gM’4 = 0
: - = g52,4 =0

: - ° geo,4 =0

Unit Redundant Force Matrix

The unit redundant force matrix, [gu] = [gjs] , is a 60 x 2l matrix.

The elements of this matrix are the values of the generalized forces when

the redundant forces are replaced by unit loads. The twenty-four redundants,

q,, through Q40 90 through q,, and Qoo through q, ., were identified as re-

dundants one through twenty-four, respectively (q:Ll as redundant number one,

q12

as redundant number two, etc., with Qpg 25 redundant number twenty-four).

For example, the elements in the first column of l%ﬁéJ are the values of the

generalized forces when a4 is replaced by a unit force while the other twenty-

three redundants are zero. The 138 non-zero elements of I%i;] are:

g =
11+n+9m,1+n+m

g =
2+n,1+n+8m

-1

Where n

=0, 1, 2,000..,7
andm=20, 1, 2

10



g37+8n’1+8m L

g58+8n,1+8m L

€zs+an, 2+em L

]

gae+en,2+em T

g89+8n’ 3+ 8m

g4o+en,a+em
g4o+en,4+sm = - -
5 where m = 0, 1, 2
R § andn=20,1, ..... s, I
g41+8n, 4+8n :[,2
= -1
€41+en,5+8m L,
1
B m—
g4 2+8n,8+8m sz
- -1
g42+en,e+sm L2
€az+an, s+am L
n, m L2 ‘
g = _. —-l_
43+8n,7+8m . L2
e -1
44+8n, 7+8m L1 7
- 1
g44+en,a+em - ]‘_,1'-_J

External Load Matrix

For the four loading conditions considered, the external load matrix,

Esz , 1s a diagbnéi'matrix.' To simblify computations, the external loads

were considered as unit loads. Therefore,

11




P -

o o+ O
© o o,

© O O H
o +H O O

L1

Matrix Computation

After forming the [ai;i] B [811'] s I:gn] s, and [Pmrl matrices, the following

matrix operations were performed:

1.

6.

Evaluate
* ]
Evaluate
Evaluate
Evaluate

Evaluate

Evaluate

2] = _gri -ai‘;l thIJ where [ng] is the transpose

}r; ) j?r;] E“ij] [gjs]

}rs'ﬂ , the inverse of E“rs] .
Cm)* = [ [ o]

i) = [e1n) * [530] [Cm)
] = [on] [P

The matrix, Eqin]’ is a 60 x | matrix the elements of which represent

the magnitudes of the generalized forces for the four loading conditions

considered. In this case, since I_}’mn:l is a unit matrix, E]:Ln] = E}m] .

The computer program used for the above matrix computations is given in

Appendix B.

The numerical values used in the: matrix analysis were as follows:

For all panels: L,=-°2.700", I_,=3.000", E=10.5x106 psi,

G=3.9x106 psi.

For Panel B: b, =2.6154", b_=2.6095", b, =2.6085"

t, =0.0985", t_=0.0935", t,=0.0995"

12



A, =0.411k in®, A, =0.5300 in2, 4,=0.5286 in%,

A= 0.2698 in=.

For Panel C: b, =2 .8Lor, b =2 .8lL6n, b, = 2..60851
t,=0.099", +t,=0.1015", t,=0.09925"
A =0.668l in2, A_=0.7917 in%, A_=0.7908 inZ,

A, =0.3938 in®

For Panel D: b1=2.7675", b, =2.77675", b, =2.770"
t, =0.096", t_=0.1005", t,=0.1005"
A =0.2743 in®, A_=0.1139 in2, A, =0.4203 in%,

A4=O.2122 in=.

The results of the matrix analysis are given in Tables I through IV
for Panel B, Tables V through VIII for Panel C and Tables IX through XII
for Panel D. In each of these tables, the stress in each stiffener is giv-
en at nine locations corresponding to the locations of the generalized forces
in the stiffeners and the shearing stress in each web is given at eight lo-

cations.

DATA

The experimental data are given in Tables XIII through XLIV. The data
from two tests of Panel B for each of the four loading conditions are given
in Tables XITT through XX. The data from two tests of Panel C for each of
the four loading conditions are given in Tables XXI through XXVIII. The
data from three tests of Panel D for each of the four loading conditions are
given in Tables XXIX through XL. The averages of the three tests of Panel D
for each of the four loading conditions are given in Tables XII through XLIV.
In each of these tables, the stress in each stiffener is given at nine lo-
cations corresponding to the uniaxial strain gage locations shown in Figures
5 and 6. The state of stress at each of the strain rosette locations shown

in Figures 5 and 6 is expressed in terms of the normal stress perpendicular
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to the stiffeners (cx), the normal stress parallel to the stiffeners (oy),
and the shearing stress (Txy). Positive normal stresses are compressive

stresses.

The results of the matrix analysis are plotted along with the experi-
mental results in Figures 16 through 75. For each of the four loading con-
ditions on a panel, the theoretical analysis and the experimental results

are shown in a series of five curves as follows:

a) +the normal stress, oy, in each of the stiffeners versus the dis-
tance from the loaded end of the panel (Figures 16, 21, 26, 31,
36, 1, k6, 51, 56, 61, 66, 71);

b) the shearing stress, xxy’ in each web versus the distance from
the loaded end of the panel (Figures 17, 22, 27, 32, 37, L2, 47,
52, 57, 62, 67, 72);

c¢) the normal stress, Oys parallel to the stiffeners in each web
versus the distance from the loaded end of the panel (Figures 18,
23, 28, 33, 38, L3, L8, 53, 58, 63, 68, 73);

d) the normal stress, Oy perpendicular to the stiffeners in each web
versus the distance from the loaded end of the panel (Figures 19,
2k, 29, 3L, 39, Lk, L9, 5k, 59, 6L, 69, Th);

e) the chordwise distribution of the normal stress, o_, in the stiff-
eners across eight panel sections (Figures 20, 25, 30, 35, LO, L5,
50, 55, 60, 65, 70, 75).

ANATYSTS OF RESULTS

The theoretically predicted distribution of the normal stress in the
stiffeners was in good agreement with the experimentally determined values
for all panels although the agreement was not uniform throughout the panels.
In general, the largest difference between the theoretically predicted stress-
es in the stifféners and the experimentally deteérmined stresses occurred
at the loaded end of the panel and the differerence decréased as the dis-
tance from the ldaded énd increased. ' In all panels for all lvbading 'con-
ditions, the theoretical and experimental sStresses were very nearly equal:i-
to each . other at the supported eénd of the panel. . In 'Panels..®B and-C the

experimental stress was less than the theoretical stress in the loaded stiff-
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ener at the section adjacent to the applied load whereas in Panel D the ex-
perimental stress exceeded the theoretical stress at that section. This
difference in behavior of the three panels may be attributed to the relative
size of the stiffeners. The experimental results indicate that in Panels B
and C the applied load was not uniformly distributed across the cross-sec-
tion of the larger and thicker stiffeners of these panels at the gage sec-
tion 0.3 inch below the applied. load resulting in experimentalostresses.on
the surface of the stiffeners less than the thedretical .stresses which were
based upon an assumed uniform distribution across a stiffener cross-section.
In Panel D, with relatively small stiffeners, the test results indicate that
the load had not diffused from the stiffener into the web at the section ad-
jacent to the applied load resulting in experimental stresses that were lar-
ger than the theoretical stresses. As explained in reference 1, the analysis
used assumed that the effective stiffener area consisted of the actual stiff-
ener area plus one-half of the web area on each side of the stiffener. The
theoretical analysis and the experimental results indicate that the panels
were long enough to achieve an essentially uniform stress distribution a~

cross the cross-section at the supported end of the panel.

The experimentally determined shearing stresses in the webs agreed very

closely with the theoretical stresses at certain sections but were in poor
agreement at other sections. In general, the agreement was somewhat closer
in Panels C and D than in Panel B. In all tests, the theoretical and exper-
imental shearing stresses in the webs were nearly equal in the webs adjacent
to the loaded stiffener. The largest differences between the theoretical

and experimental shearing stresses in the webs occurred in the webs farthest
from the loaded stiffener and at sections near the top (loaded end) of the
panel. These differences may be due in part to the failure to achieve bound-
ary conditions at the loaded end in the tests that correspond to the boundary

conditions assumed in the theoretical analysis.

The theoretical analysis assumed that the normal stress in the webs:.
acting perpendicular to the stiffeners was zero. The test results indicate
that at certain sections this normal stress was relatively large for some
of the loading conditions. However, the variation in this normal stress over

the panel length was frequently erratic. This normal stress may have been
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introduced into the panel by the test boundary conditions at both the loaded
end and the supported end of the panel since strains normal to the stiffen-

ers were restrained. This restraint would produce stresses in the web norm-
al to the stiffeners.

As previously noted, the theoretical analysis was based upon an effec-
tive stiffener area that included the area of adjacent webs. Therefore, the
theoretical analysis assumed that the normal stress in the webs acting par-
allel to the stiffeners was equal to the normal stress in the stiffeners to
which the webs were attached. Since the strain gauge rosettes were placed
on the webs midway between the stiffeners, a direct comparison of theoreti-
cal and experimental stress was not made. However, the experimental data
indicates that, as the distance from the loaded end of the panel increased,
the normal stress in the webs acting parallel to the stiffeners approached
the normal stress in the stiffeners in agreement with the stress distribution

assumed for the idealized panel.
CONCLUDING REMARKS

Since the three test panels were of the same general configuration and

only one theoretical analysis was considered, it is not possible to make any
broad generalizations concerning the validity of the theoretical analysis.
However, the general trend of agreement between the experimental results and
the theoretical analysis implies that a satisfactory experimental procedure
was employed and also that the idealized structure and assumed stress dis-
tribution used in the theoretical analysis approaches the actual conditions.
Since the relative agreement between the theoretical and experimental re-
sults was the same for all three panels, the accuracy of the theoretical
analygis appears to be independent of the ratio of the stiffener area to the
sheet area. The test results show that the ratio of stiffener area to sheet

area does affect the stress distribution in a stiffened panel.

The effects of varying the number of stiffeners, using stiffeners of
different sizes on the same panel and tapering the stiffener cross-section

over the length of the panel are now being investigated under the terms of
NASA Contract NAS8-2016L.
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APPENDIX A

COMPUTER PROGRAM FOR REDUCTION OF TEST DATA

This program in Fortran II was used for test data obtained from 110

uniaxial gages and 24 rosette gages providing 182 strain gage channels.

Modifications were necessary when a different number of gages were used.

~N O~ Vo

Q O a Q

INPUT-OUTPUT FORMATS

FORMAT (LOX,SLHTHE FOLLOWING DATA ARE THE RESULT OF THE RESOLUTION
1 of,2/,35X,65HSTRESSES FROM STRAINS OBTAINED DURING A TESTING PROG
2RAM CONDUCTED,2/,35X,56HAT THE UNIVERSITY OF ALABAMA UNDER CONTRAC
3T NAS 8-11155.,3/,L0X,2LHALL STRESSES ARE IN PSI.,2/,LOX,L8HALL AN
LGLES ARE IN DEG. MEASURED FROM THE X AXIS.,L/)

FORMAT (/,6F10.2,/)

FORMAT (36X,58HTHE FOLLOWING MATERTAL PROPERTIES ARE USED IN CAICU
1LATION, ,2/,36X,23HMODULUS OF ELASTICITY -,FL.1,6X,21HMODULUS OF RI
2GIDITY -,FL.1,2/,52X,16HPOISSONS RATIO -,F15.8,3/)

FORMAT (L,0X,245,/)

FORMAT (55X,8HTEST NO.,2A5,2/)

FORMAT (1L(13F6.1,/))

FORMAT (31X,17HUNIAXIAL GAGE NO.,I13,6X,8HSTRAIN -,F7.1,6X,9HSIGMA
1Y -,F12.6,2/)

FORMAT (55X,11HROSETTE NO.,IL,2/,L0X,9HSIGMA X -,F12.6,9X,9HSIGMA
1Y -,F12.6,2/,L0X,9HSIGMA 1 -,F12.6,9X,9HTHETA 1 -,F12.6,2/,L0X9HS
2IGMA 2 -,F12.6,9X,9HTHETA 2 -,F12.6,2/,L0X,9HSIGMA S -,F12.6,9X,9H
3THETA S -,F12.6,2/,hOX,8HTAUVXY -,F12.6,10X, THTAU S -,F12.6,2/)

START PROGRAM
DIMENSION GF(L), c(2), E(182), s(182), V(10)
PRINT 1,
READ 2, A, G, GF

C(1)=(a/(2.0:G))-1.0 $ Cc(2)=4/(1.0-C(1):c(1))
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10

11

12

21
22
31
32
23
13

Lo

PRINT 3, A, G, C(1)

READ 4, T, O

PRINT 5, T, O

READ 6, E

DO 11 I=1, 110

5(I)=2.0%E(I)*A/GF (1)

PRINT 7, (I, E(I), S(I), I=1,110)

DO 13 I1=111,180,3

DO 12 J=1,3

E(I+J-1)=2.0%E(I+J-1)/CGF(J+1)
V(8)=E(I)-E(I+1)+E(T+2) $ V(L)=C(2)+(E(I)+C(1)*E(I+2))
V(6)=C(2)%(E(1+2)+C(1)*E(I)) $ V(7)=(V(L)+V(6))/2.0
V(9)=(V(6)-V(L))/2.0 $ V(1)=C(2)%(V(8)+C(1)*E(I+1))
V(2)=C(2)#(E(I+1)+C(1):7(8)) $ V(B)=(V(1)-V(2))/2.0
V(10)=SQRT(V(9):7V(9)+V(8) (8)) $ V(3)=v(7)-V(10)
V(5)=V(7)+V(10) $ V(L4)=ARCTAN(V(9)/ABS(V(8)))

IF (V(8)) 21,22,23

V(6)=90.0%(V(L)/3.14159265-1.0) $ GO TO 13

IF (v(9)) 32,31,31

V(6)=-145.0 $ GO TO 13

V(6)=L45.0 $ GO TO 13

V(6)=-V(4)*90.0/3.1L159265

V(L)=90.0+V(6) $ V(8)=45.0+V(H) $ PRINT 8, I, (V(J),iJ=1,10)

IF (E(182)) 10, 10, 10
STOP
END

18



APPENDIX B
COMPUTER PROGRAM FOR MATRIX ANALYSIS

The following program in Fortran IV was used to perform the necessary

matrix computations.

C  MAIN ROUTINE
REAL L1, L2
DIMENSION GRI(2L,60),ARS(2hL,2k) ,UNIT(2h,2L),6RM(2k,L ) ,CARN(2L,L),
1 ARN(2L,L),ATJ(60,60) ,TEMP2 (60, ),GIR(60,2)) ,GIM(60,L),
2 GJIN(60,k),QIN(60,L),TEMP1(3k,60) ,PMN(L,L),A(L)
EQUIVALENCE (ARS(1,1),GRI(1,1)),(UNIT(1,1),GRI(1,25)),(GRM(1,1),
1 GRI(1,L9)),(CARN(1,1),GRI(1,53)),(ARN(1,1),GRI(1,57)),
2 (TEMP2(1,1),ATJ(1,1)),(GIR(1,1),A1J(2,5)), (GIM(1,1),ATJ(1,29))
3 ,(GJN(1,1),ATJ(1,33)),(GIN(1,1),ATT(,37))
DATA I11,12,B1,B2,B3/2.7,3.0,2.7675,2.77675,2.71/
DATA T1,T2,T3/0.096,0.1005,0.1005/,E,G/10.5E+6,3.9E+6/
DATA (A(T),I=1,4)/0.27L43,0.4139,0.4203,0.2122/
5 FORMAT ( 35H1THE UNIT REDUNDANT FORCE MATRIX IS///60(2(12F10.6,/),/)
1)
13 FORMAT(8SHI1THE MATRIX OF FLEXIBILITY COEFFICIENTS IS (VALUES HAVE
1BEEN SCALED BY A FACTOR OF 10:¢6)///60(5(6P12F10.6,/),/))
20 FORMAT(18H1THE MATRIX ARN IS//).
21  FORMAT(22X,LE20.9,/)
29  FORMAT(58HITHE MATRIX ARS IS SINGULAR. EXECUTTON. HAS BEEN TERMINAT :
1ED/1HL)
41  FORMAT(19H1THE MATRIX CARN IS//)
L3  FORMAT(1BHITHE MATRIX QIN IS//)
Ly  FORMAT(33HITHE UNIT EXTERNAL LOAD MATRIX IS///60(22X,4F10.6,/),/)
C COMPUTE THE ELEMENTS OF THE MATRIX PMN
DO 30 I=1,L
DO 33 J=1,L
33 PMN(I,J)=0
30 PMN(I,I)=1
C COMPUTE THE ELEMENTS OF THE MATRIX GRI WHICH IS THE TRANSPOSE OF
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THE UNIT REDUNDANT FORCE MATRIX GIR.
DO 1 I=1,2}4
DO 1 J=1,60
GRI(I,J) = O
DO 2 K=1,8
N = K-1
DO 2 1~1,3
M= L-1
GRI (1+N+8:M,11+N+9:M) = 1
GRI (1+N+8:M,2+N) = -1
DO 3 K=1,3
M= K-1
DO 3 L=1,K
N=1L-1
GRI (1+8+M, 37+83N ) = -1..0/L1
DO L4 I=1,6
GRI (I+8:M,37+I+8xN) = 1.0/L2
GRI (I+1+8:M,37+I+8:N) = -1.0/L2
GRI (7+8:M,LL+8:N) = 1.0/11
GRI (8+8+M,LL+8:N) = -1.0/L1
PRINT 5, GRI
COMPUTE THE MATRIX OF FLEXIBILITY COEFFICIENTS AIJ
DO 6 I=1,60
DO 6 J=I,60
ATJ(I,J) = O
DO 7 I=1,L
T = L1/(3.0«ExA(I))
ATI(9+%1-8,9%I-8) = T
ATJ(9%I,9%I) = T
T = 11/(6.0:E=A(I))
ATJ(9+I-8,9%I-7) = T
ATJ(9+T-1,9%I) = T
T = (L1+L2)/(3.0%ExA(T))
ATJ(9%I1-7,9%I-7) = T
ATJ(9%I-1,9%I-1) = T
T = (2.0%L2)/(3.0:E=A(TI))
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10

12

14

DO 8 J=2,6
ATJ(9%I-J,9%I-J) = T
T = 1L2/(6.0+ExA(T))
DO 7 J=1,6
ATJ(9:1-J-1,9%I-J) = T
T = (I11%B1)/(G*T1)
ATJ(37,37) = T
ATJ(Lh,Ll) = T

T = (L2%B1l)/(G*T1)
DO 9 I=38,43
ATJ(I,I) =T

T = (L1%B2)/(G*T2)
ATJ(U5,L5) =T
ATJ(52,52) = T

T = (L2+B2)/(G%T2)
DO 10 I=46,51
ATJ(I,I) =T

T = (L1%B3)/(G*T3)
ATJ(53,53) = T
ATJ(60,60) = T

T = (L2%B3)/(G*TI3)
DO 11 I=5L,59
ATI(I,I) =T

DO 12 I=1,60

DO 12 J=I,60
ATI(J,I) = ATJ(I,d)
PRINT 13,((ATJ(I,J),J=1,60),I=1,60)

PERFORM THE MATRIX MULTIPLICATION TEMP1 = GRI s AIJ.

DO 1) I=1,24

DO 1k J=1,60

TEMP1(I,J) = O

DO 1L K=1,60

TEMP1(I,J) = GRI(I,K)*ALJ(K,J)+TEMP1(I,J)
SET GIR EQUAL TO THE TRANSPOSE OF GRI.
DO 15 I=1,60

DO 15 J=1,2L
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15

16

17

18

19

23

GIR(I,J) = GRI(J,I)

CLEAR ALL ELEMENTS OF MATRIX GJN TO ZERO.
DO 16 I=1,60

DO 16 J=1,L

GJN(I,J) = O

COMPUTE NON-ZERO ELEMENTS OF MATRIX GJN FROM FORMULAE.
DO 17 I=2,9

DO 17 J=1,L

GIN(I,J) = 1

GJN(1,1) = 1

GJN(10,2) = 1

GJN(19,3) = 1
GIN(28,4) = 1
DO 18 I=2,}

GJIN(37,I) = 1.0/11

GJIN(L5,3) = 1.0/11

GJN(L5,Lh) = 1.0/11

GJIN(53,L) = 1.0/11

PRINT Lk, ((GIN(I,Jd),d=1,L),I=1,60)
PERFORM THE MATRIX MULTIPLICATION ARN = TEMP1 * GJN
DO 19 I=1,24

DO 19 J=1,L4

ARN(I,J) = O

DO 19 K=1,60

ARN(I,J) = TEMP1(I,K)*GJN(K,J)+ARN(I,J)
PRINT 20

PRINT 21, ((ARN(I,J),J=1,L),I=1,2L)
PERFORM THE MATRIX MULTIPLICATION ARS = TEMP1 * GIR
DO 23 I=1,2L

DO 23 J=1,2l

ARS(1,J) = 0

DO 23 K=1,60

ARS(I,J) = TEMP1(I,K)*GIR(K,J)+ARS(I,d)
SET UP IDENTITY MATRIX UNIT FOR INVERSION
DO 25 I=1,2}

DO 2L J=1,2l
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2l
25

28

27

26

35

3k

31
32

Q

UNIT(I,J) = O
UNIT(I,I) =1

INVERT THE MATRIX ARS AND LEAVE RESULT IN THE MATRIX UNIT.

DO 32 M=1,2l

T = ARS(M,M)

IF(T.NE.0.0) GO TO 35

DO 26 J=M,2l
IF(ARS(J,M).EQ.0.0) GO TO 26
DO 27 1=M,2L

T = ARS(M,L)

ARS(M,L) = ARS(J,L)

ARS(J,L) = T

GO TO 28

CONTINUE

PRINT 29

STOP

K1 = M+1

DO 34 L=K1,L8

ARS(M,IL) = ARS(M,L)/T

DO 32 K=1,2)

IF(K.EQ.M) GO TO 32

S = ARS(K,M)

K1 = M+1

DO 31 I=K1,L8

ARS(K,L) = ARS(K,L)-S%*ARS(M,L)
CONTINUE

PERFORM THE MATRIX MULTIPLICATION GRM = -UNIT #* ARN
DO 36 I=1,2L

DO 36 J=1,4

GRM(I,J) = O

DO 36 K=1,2L

GRM(I,J) = -UNIT(I,K)*ARN(K,J)+GRM(I,J)
PERFORM THE MATRIX MULTIPLICATION TEMP2 = GIR  GRM
DO 37 I=1,60

DO 37 J=1,4

TEMP2(I,J) = O
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37

38

39

L2

DO 37 K=1,2L

TEMP2(I,J) = GIR(I,K)*GRM(K,J )+TEMP2(I,J)

PERFORM THE MATRIX ADDITION GIM = GJN + TEMP2

DO 38 I=1,60

DO 38 J=1,L

GIM(I,J) = GJN(I,J)+TEMP2(I,d)

PERFORM THE MATRIX MULTIPLICATION CARN = TEMP1 #GIM
DO 39 I=1,24

DO 39 J=1,lL

CARN(I,J) = O

DO 39 K=1,60

CARN(I,J) = TEMP1(I,K)*GIM(K,J)+CARN(I,J)
PRINT L1

PRINT 21, ((CARN(I,J),J=1,L),I=1,2L)
PERFORM THE MATRIX MULTIPLICATION QIN = GIM * PMN.
DO 42 I=1,60

DO 42 J=1,4

QIN(I,J) = O

DO L2 K=1,L

QIN(I,J) = GIM(T,K)*PMN(K,J)+QIN(I,J)
PRINT 43

PRINT 21, ((QIN(I,J),Jd=1,L),I=1,60)

STOP

END
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TABLE I. - MATRIX ANALYSIS OF PANEL B FOR LOADING CONDITION I

P =1 kip
Stiff. Web. | Stiff. Web. | Stiff. Web. | Stiff.
No. 1 No. 1| No. 2 No. 2| No. 3 No. 3| No. 4
cy Txy Oy Txy Gy Txy Gy
0.3 | 2h430.7 0 0 0
1.5 1195.6 L56.3 121.8
3.0 | 1657.8 382.6 156.1 121.3
L.5 650.6 377.2 108.5
6.0 | 1190.5 5Li5.7 29L.9 241.3
7.5 352.9 275.1 86.9
9.0 937.0 596.9 391.9 337.5
10.5 197.3 188.1 6lL.3
12.0 795.3 607.3 Lss. L 408.6
13.5 111.9 122.5 Lh. L
15.0 714.9 60L.8 495.3 L57.8
16.5 62.14 74.8 28.3
18.0 670.1 600.0 519.0 489.0
19.5 31.0 39.3 15.2
21.0 647.8 596.5 531.3 505.9
22.5 9.2 12.0 L.7
23.7 6l41.9 595.4 534.6 510.6
TABLE II. - MATRIX ANALYSIS OF PANEL B FOR LOADING CONDITION II
P =1 kip
Stiff. Web. |Stiff. Web. |Stiff. Web. |Stiff.
No. 1 No. 1 [No. 2 No. 2 {No. 3 No. 3 |No. L
[0} T [e) T a T [e)
Y Xy y Xy ¥ Xy y
0.3 0 1886.8 0 0
1.5 -591.8 807.7 175.8
3.0 382.6 1205,1 296.4 175.0
L.s -227.1 : L11.0 13L.8
6.0 | 5Ls5.7 860.9 L38.4 32L.2
7.5 -71.2 211.3 88.0
9.0 596.9 709.4 500. 8 h21.5
10.5 -14.58 114.0 53.7
12.0 607.3 6h1.0 531.0 L80.9
13.5 3.4 63.4 31.5
15.0 60L. 8 609.4 ch6.8 515.8
16.5 6.7 35.0 17.7
18.0 600.0 594.6 555.4 535.4
19.5 L.9 17.3 8.8
21.0 596.5 588.2 559.6 ohs. 1
22.5 1.7 5.1 2.6
23.7 595.L 586.5 560.7 oh7.7
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TABLE III. - MATRIX ANALYSIS OF PANEL B FOR LOADING CONDITION ITI

P =1 kip
y Stiff. Web.| Stiff.| Web. | Stiff.| Web. | Stiff.
No. 1| No. 1 | No. 2} No. 2 | No..3 | No. 3| No. L
in. o T o} T o T o
y Xy y xy Y Xy y
0.3 0 0 1891.8 0
1.5 -2h1.h -876.6 L87.5
3.0 156.1 296.4 1225.h L85.L
L.5 -193.L4 -472.0 148.9
6.0 294.9 L38.4 890.8 650. 1
7.5 -134.9 -260.1 23.1
9.0 391.9 500. 8 739.8 675.7
10.5 - 88.4 -150.2 - 12.7
12.0 | Lss.4 531.0 667.2 661.6
13.5 - 55,6 - 88.4 © - 18.1
15.0 | L95.3 5L6.8 630.5 6L1.7
16.5 - 33.0 i -~ 50.9 - 1.3
18.0 519.0 55o.l 611.5 625.9
19.5 - 17.0 - 25.9 - 8.4
21.0 531.3 559.6 602.5 616.6
22.5 - 5.1 - 7.8 - 2.7
23.7 53L.6 560.7 600.1 613.9

TABLE IV - MATRIX ANALYSIS OF PANEL B FOR LOADING CONDITION IV

205.3

P = 1 kip
¢y | Stiff.| Web | Stiff.] Web | Stiff.| Web | Stiff.
' No, 1| No. 1 | No, 2| No. 2 |No. 3 | No. 3 | No. L
in. Oy "L‘Xy Oy ’ny g y ’L'xy Oy
0.3 0 0 0 1853.2
1.5 -93.8 -282.5 -743.0
3.0 60.7 87.5 2lh2.7 1113.4
L.s -83.6 -229.0 -361.0
6.0 120.7 162.1 325.1 714.0
7.5 -66.9 -162.5 -175.3
9.0 168.8 210.8 337.9 520.0
10.5 -49.5 -108.3 - 89.3
12.0 204.3 2L0.5 330.8 Lh21.2
13.5 -34.2 - 69.0 - h7.2
15.0 228.9 257.9 320.9 369.0
16.5 -21.8 - L1.L - 25.0
18.0 ohl.5 268.7 313.0 3L41.h
19.5 -11.7 - 21,5 - 12.0
21.0 253.0 272.6 308. 3 328.1
22.5 - 3.6 - 6.5 - 3.5
23.7 273.9 307.0 32L.6
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TABLE V. - MATRIX ANALYSIS OF PANEL C FOR LOADING CONDITION I
P =1Kkp
y Stiff. | Web Stiff. | Web Stiff. | Web Stiff.
No. 1 |No. 1 |No. 2 {No. 2 | No. 3 |No. 3 No. L4
in. Gy Txy oy Txy c ¥ Txy cy
0.3 1496.1 0 0 0
1.5 938.6 32h.1 91.2
3.0 1120.7 20L4.7 81.4 62.1
L.5 587.4 283.3 8L.2
6.0 859.8 316.1 158.8 125.7
7.5 363.6 22,.6 71.9
9.0 698.2 366.1 218.2 180.1
10.5 227.L 167.5 57.3
12.0 597.2 387.0 261.1 223.4
13.5 141.6 118.2 L2.6
15.0 534.3 39L4.6 290.6 255.6
16.5 84.8 77.2 28.9
18.0 496.6 396.7 309.4 277.4
19.5 hh.3 h2.5 16.4
21.0 L76.9 397.0 319.6 289.9
22.5 13.5 13.3 5.2
23.7 L71.5 396.9 322.5 293.4

TABLE VI. - MATRIX ANALYSIS OF PANEI, C FOR LOADING CONDITION II
P =1 kip
y Stiff. | Web Stiff. | Web Stiff. | Web Stiff.
No. 1 [No. 1 |No. 2 |[No. 2 | No. 3 |No. 3| No. L4

in. Oy Ty v oy Txy cy Txy Gy
0.3 0 1263.1 0 0
1.5 -511.9 631.7 139.5

3.0 20hL.7 871.6 171.6 95.0
L.5 -250.7 359.7 115.0

6.0 316.1 639.2 266.9 181.9
7.5 -112.6 203.4 83.3

9.0 366.1 £18.8 313.8 2LL.9
10.5 - L7.0 118.0 56.4L
12.0 387.0 L455.7 338.0 287.5
13.5 - 17.2 69.2 36.4
15.0 394.6 Le22.7 350.9 315.1
16.5 - 4.8 39.7 22.1
18.0 396.7 405.6 357.9 331.8
19.5 - 0.6 20.1 11.5
21.0 | 397.0 397.7 361.3 340.5
22.5 0.1 6.1 3.5
23.7 396.9 395.6 362.2 342.8
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TABLE VII. - MATRIX ANALYSIS OF PANEL C FOR LOADING CONDITION III

P =1 kip
Stiff. | Web Stiff.: Web Stiff. : Web Stiff.
No. 1 [No. 1 |No. 2 | No. 2 {No. 3 |[No. 3 | No. L
cy Txy Oy Txy cry Txy Oy
0.3 0 0 1264.5 0
1.5 -203.6 S n L08.4L
3.0 81.4 171.6 885.5 277.9
h.o -17h.1 -417.4 166.5
6.0 158.8 266.9 662.1 L03.8
7.5 -133.7 -252.6 52.9
9.0 218.2 313.8 SLk.9 LL3 8
10.5 - 96,6 -157.1 7.5
12.0 261.1 338.0 4181.6 Lh9.5
13.5 - 66.3 - 98.3 - 7.6
15.0 290.6 350.9 Lh6.6 hh3.7
16.5 - }42.3 - 59.4 - 9.9
18.0 309.L 357.9 L27.5 L36.2
19.5 - 23.0 - 31.3 - 7.0
21.0 319.6 361.3 418.0 L31.0
22.5 - 7.1 - 9.6 - 2.4
23.7 322.5 362.2 L415.5 L29.3
TABLE VIII. - MATRIX ANALYSIS OF PANEL C FOR LOADING CONDITION IV
P=1Kp
Stiff. | Web Stiff.| Web Stiff. | Web Stiff.
No. 1 |No. 1 {No. 2 | No. 2 |No. 3 |[No, 3 |No. 4
Uy Txy cry Txy Gy Txy Gy
0.3 0 0 0 1269.7
1.5 -77.6 -212.2 -627.7
3.0 31.0 L7.5 139.0 842.5
k.5 ~71.7 -182.9 -354.3
6.0 62.9 90.9 201.9 57h.6
7.5 -61.1 -141.5 -197.8
9.0 90.0 122.4 221.9 k25,1
10.5 -18.7 -103.0 -112.9
12.0 111.7 143.8 22L.8 339.7
13.5 -36.3 - 71.2 - 65.1
15.0 127.8 157.5 221.9 290.5
16.5 -2l.6 - 45.7 - 36.8
18.0 138.7 165.9 218.1 262.7
19.5 -13.9 -24.9 - 18.5
21.0 k.9 170.2 215.5 24;8.8
22.5 - L.h - 7.7 - 5.5
23.7 146.7 171.4 214.7 2445.0




TABLE IX. - MATRIX ANALYSIS OF PANEL D FOR ILOADING CONDITION I

P =1 kip
y Stiff. | Web Stiff. | Web Stiff. | Web Stiff.
No. 1 |[No, 1 {No., 2 |{No. 2 | No. 3 | No. 3 | No. L
1ine. (o] v ’rxy Uy ’Exy O'y Txy O‘y
0.3 36L5.6 0 0 0
1.5 1423.9 50k.6 | + b7
3.0 2300.1 560.9 234.3 | 181.2
h.5 706.8 399.6 | 123.0
6.0 1558.1 761.6 L32.7 | 355.9
7.5 350.5 273.L . 94.0
9.0 | 1190.0 806. L | 561.L L89.L
10.5 181.1 174.7 65.7
12.0 999.9 805.1 639.6 582.9
13.5 96.0 106. 8 L2.9
15.0 899.1 794.1 685. 1 6L3.9
16.5 50.6 61.7 26.0
18.0 846.0 784.4 711.0 680.7
19.5 2.2 3L.1 13.5
21.0 820.6 778.5 723.7 699.9
22.5 7.0 9.3 L.1
23.7 814.0 776.8 727.0 705.1
TABIE X. - MATRIX ANALYSIS OF PANEL D FOR LOADING CONDITION II
P = 1 kip
y i Stiff., Web Stiff.| Web Stiff.| Web Stiff.
| No. 1 | No. 1| No. 2 |No, 2| No. 3 { No. 3 | No. L4
in, (o] T o T (o} T (o)
y xy y Xy y xy ¥
0.3 0 21,16.0 0 0
1.5 -593.6 849.1 197.9
3.0 560.9 UW87.7 L20.4 253.0
L.s -191.1 401.8 145.5
6.0 761.6 1062.0 60L. 2 459.8
7.5 - L2.7 193.7 89.3
9.0 806.4 891.2 679.1 586.7
10.5 12.4 99.3 51.3
12.0 805.1 819.7 713.6 659.5
13.5 10.5 £2.9 28.5
15.0 794.1 788.5 731.1 700.0
16.5 9.3 28,1 15.3
18.0 784.14 774.5 740. 3 721.6
19.5 5.6 13.5 7.3
21.0 778.5 768.5 7hk. 8 732.0
22.5 1.8 L.O 2.1
23.7 776.8 767.0 746.0 734.7




TABLE XI. - MATRIX ANALYSIS OF PANEL D FOR LOADING CONDITION III

P =1 kip
Stiff.| Web Stiff. Web Stiff.] Web Stiff.
No, 1| No., 1§ No. 2| No. 2 | No, 3| No. 3} No. L
Gy ’txy ('J'y Txy O'y Txy O‘y
0.3 0 0 2379.3 ‘ 0
1.5 -21,8,0 -878.1 507.7
3.0 234.3 L20.1 1484.5 602.1
L.s -189.0 -432.9 135.6
6.0 L32.7 60L. 2 1076. 8 8,41.8
7.5 -122.5 -219.9 13.3
9.0 561.4 679.1 909.6 860. 6
10.5 - 7h.5 -118.44 - 15.4
12.0 639.6 713.6 835.7 838.7
13.5 - 143.6 - 65,7 - 17.0
15.0 685.4 731.1 800.7 814.6
16.5 - 2h.h - 36.0 - 12,1
18.0 711.0 740.3 783.6 797.3
19.5 - 12,1 - 17.7 - 6.7
21.0 723.7 7hL. 8 775.8 787.8
22.5 - 3.6 - 5.2 - 2.1
23.7 727.0 746.0 773.8 785.1
TABLE XII. - MATRIX ANALYSIS OF PANEL D FOR LOADING CONDITION IV
P =1 kip
Stiff.| Web Stiff.] Web Stiff.| Web Stiff.
No. 1{ No. 1| No. 24 No. 2 | No, 3| No. 3| No. L
Cy 'L‘xy O’y ’Exy Gy ’txy O‘y
0.3 0 0 | 0 2356.3
1.5 -95.9 -28L4.5 -787.3
3.0 90.6 126.5 32L.6 1349.5
L.y -83.2 -221.4 -355.6
6.0 178.0 229.9 L20.9 8. 2
7.5 -63.6 -147.9 -161.0
9.0 2hh. 7 293.4 430.3 615.h
10.5 -Lh.5 - 92.5 - 77.2
12.0 291.4 329.8 L19.4 505.7
13.5 -29.0 - 55.5 - 38.7
15.0 321.9 350.0 L07.3 450.8
16.5 -17.6 - 3L.7 - 19.6
18.0 340.4 360.8 398.7 L22.9
1905 - 901 - 15.8 - 9,2
21.0 | 350.0 366.0 393.9 L09.8
22.5 - 2.8 - L7 - 2.6
23.7 352.6 367.4 392.5 hoé.gJ
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FIGURE Il. —CONTROL CONSOLE .
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FIGURE 12.—FRONT VIEW OF PANEL .
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FIGURE 13.-REAR VIEW OF PANEL.
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FIGURE 40.— CHORCWISE DISTRIBUTION OF STIFFENER NORMAL

STRESS IN PANEL C FOR LOADING CONDITION I.
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STIFFENER STRESS , Oy ,PSI
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FIGURE 45.— CHORDV/ISE DISTRIBUTION OF STIFFENER NORMAL
STRESS IN PANEL C FOR LOADING CONDITION II.
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FIGURE 50.— CHORDWISE DISTRIBUTION OF STIFFENER NORMAL
STRESS IN PANEL C FOR LOADING CONDITION IX .
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FIGURE 55.— CHORDWISE DISTRIBUTION OF STIFFENER NORMAL
STRESS IN PANEL C FOR LOADING CONDITION I¥ .
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FIGURE 60.—~ CHORDWISE DISTRIBUTION OF STIFFENER NORMAL

STRESS IN PANEL D FOR LOADING CONDITION I .
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FIGURE 65.— CHORDWISE DISTRIBUTION OF STIFFENER NORMAL
STRESS IN PANEL D FOR LOADING CONDITION II .
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FIGURE 70.— CHORDWISE DISTRIBUTION OF STIFFENER NORMAL
STRESS IN PANEL D FOR LOADING CONDITION IN .
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STIFFENER STRESS, Oy , PSI
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FIGURE 75. — CHORDWISE DISTRIBUTION OF STIFFENER NORMAL
STRESS IN PANEL D FOR LOADING CONDITION IiC .
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